


8 Foreword

This atlas is a major contribution to an all-important
subject. To understand both of these claims, consider
what might be called the First Principle of Human
Ecology: Homo sapiens is a species limited to a 
very small niche. Our minds may soar outwards to
the edge of the universe and inwards to subatomic
particles, but our bodies are locked inside a tiny
envelope of physical and biological constraints. True,
we have learned how to endure some of Earth’s least
hospitable environments, but only when enclosed
within bubbles containing manufactured environ-
ments. Even there, slight malfunctions can be fatal
and extended residences psychologically unbearable.

Fortunately, Earth provides a self-regulating bub-
ble that sustains us indefinitely without any thought or
contrivance of our own. Within this sheath exists the
biosphere, the totality of all of life, a fragile membrane
clinging to the face of the planet, and upon which we
are absolutely dependent.

This perspective follows from what deserves to be
called the First Principle of Human Evolution: we are 
a biological species in a biological world. Our physical
and mental natures exhibit, to use Darwin’s striking
phrase, the indelible stamp of our origin. We belong
in this biosphere, we were born here, we are closely
suited to its exacting conditions, and not all of it
either, but just parts of the more productive terrestrial
sectors and climatic regions.

It follows inexorably that our self-interest is best
served by not overly perturbing Earth’s environment.
This, the message of the Gaia Atlas, can be put
another way by redefining environmental damage 
as that which alters our surroundings in any direction
contrary to humanity’s hereditary needs. We are not
evolving into something new, as science fiction writers
sometimes like to dream, and are highly unlikely to 
do so in the foreseeable future. Scientific knowledge
knows no bounds, but human biology and emotion
stay the same. As complex eukaryotic organisms we
cannot, like bacteria, mutate to fit a spoiled environ-
ment. The human genome will attempt invasive
genetic modification only at great risk.

The human genome is the code of human identity,
and exquisitely well adapted to Earth’s unspoiled
environment. The disparity between our genetic 
and cultural evolution is the root of the problems 
of civilization. It has made modern humankind a
potentially self-destructive chimera, a creature of
hard-wired paleolithic emotions and medieval 
political systems, that are empowered by godlike 
science and technology.

It seems best, therefore, to be very conservative
about the environment, at least until we get our own
lives straightened out. And best to try to understand
right now what we are doing to our planet and hence
to ourselves. We are the first species to become a
geophysical force, single-handedly altering Earth’s
atmosphere and climate. We have initiated the sixth
great extinction spasm of geological history by the
massive destruction of ecosystems and the loss of
plant and animal species.

There is nothing inevitable about this mindless
destruction. It can be slowed, halted, then (except for
the extinction of biodiversity) reversed. The effort will
not be unbearably expensive for the world economy.
The amount needed as a single outlay, for example,
to protect 25 of the most critically endangered
ecosystems, plus core tropical forest wilderness areas
in the Amazon and Congo Basins and New Guinea,
has been estimated to be about $30 billion, which is
one-thousandth of the annual World Domestic
Product and also happens to be one-thousandth of
the value of ecosystems services provided free each
year by Earth’s surviving natural ecosystems. 

Such investments and other moves to create a
green economy would result in immediate advances
of energy and material conservation. That, when
combined with the payout of the new technologies
and products required, would more than cover the
costs of stabilizing Earth’s environment. Grateful 
generations to come would say that we were the
ones who finally figured things out. We were the 
ones who settled our species down before we
wrecked the planet.

Foreword
by Edward O. Wilson
Professor at Harvard University, who ranks as
a doyen of environmentalists in academia, as
witness his many inspirational books, two of
which have been awarded the Pulitzer Prize.
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Introduction
The fragile miracle

The sphere of rock which is our home originally 
coalesced from the dust of ancient stars. Orbiting
the huge hydrogen furnace of the sun, bathed by
radiant energy and the solar wind, the globe is white
hot and molten beneath the crust: continents ride in
a slow dance across its face, ocean floors spread.
And between its dynamic surface and the vacuum
of space, in a film that is thin beyond imagining, lies
the fragile miracle we call the biosphere.

When the first astronauts circled the Earth, 
millions of listeners heard them describe the beauty
of the planet, “like a blue pearl in space”, and were
caught up in a moment of unprecedented human
revelation. Since then, much has been written about
“Spaceship Earth” on whose finite resources we all
depend. And the more we explore the solar system,
the more singular we understand our world to be.
The atmospheric mix of gases, for instance, is
entirely different not only from that of nearby planets
but from what would be predicted by Earth’s own
chemistry. This extremely unlikely state of affairs
appears to have arisen alongside the evolution of
life, and persisted, despite all possible accidental
perturbations of cosmic travel, for perhaps two 
billion years. Life, by its very presence, is apparently
creating and even maintaining the special conditions
necessary for its own survival.

It was a group of space scientists devising life-
detection experiments for other planets who first
stumbled on this phenomenon of the self-sustaining
biosphere – and named it Gaia, the living planet.
Since then, we have begun to learn much more
about the planetary life-support systems which rule
our lives – sadly, mainly by disturbing them.

Within this life realm, every organism is linked,
however tenuously, to every other. Microbe, plant,
and animal, soil dweller and ocean swimmer, all are
caught up in the cycling of energy and nutrients
from sun, water, air, and earth. This global exchange
system flows through various transport mechanisms,
from ocean currents to climate patterns and winds;
from animal travel to the processes of feeding,
growth, and decay. Information, too, flows through
the biosphere – reproduction transfers the store of
genetic coding to new generations and creates new
experiments as learning and communication occur
between individuals. And throughout the life zone,
change and diversity, specialization and intricate
interdependence are found at every level.

It is with this remarkable planet, and what we 
are doing to it, and to ourselves, that this book is
concerned. UFOs apart, we are unlikely to find
another Gaia.

The protective atmosphere
Like the feathers of a bird, 
the layers of the atmosphere
provide equable surface tem-
peratures, shield life from the
“rain” of cosmic particles, and
block lethal ultraviolet radiation.

Planetary life-support systems
The living world, or biosphere, stretches around our planet 
in a film much thinner than the dew on an apple. A hundred 
kilometres down beneath our feet, the globe is already white 
hot, at 3,000ºC. Thirty kilometres up above our heads, the air 
is too thin and cold for survival. In between, the green world 
flowers, richest around the tropical zones where the ice age 
glaciations have never reached. Here, in the tropical forests 
and the shallow sunlit seas and reefs, much of Earth’s living 
wealth of species is concentrated.

The Earth’s green cover is a prerequisite for the rest of life.
Plants alone, through the chemistry of photosynthesis, can use
sunlight energy and convert it to the chemical energy animals 
need for survival. It was the emergence of photosynthesizing 
algae in the oceans which first released free oxygen into the
atmosphere – a cataclysmic event for existing life-forms, but 
a pre-condition for present-day existence. The ocean microflora 
still supply 70% of our oxygen, and this in turn maintains the 
protective ozone layer in the upper atmosphere. The oceans 
act as a “sink” for carbon dioxide from the air.

Plant cover provides the basis of all food chains, mediates water
cycles, stabilizes microclimate, and protects the living soil – the
foundation of the biosphere. Soil micro-organisms and anaerobic
microbes in the shallow muds of swamp and sea floor ceaselessly
work to recycle decaying matter back into the nutrient system.

Exosphere

Ionosphere

Stratosphere
Troposphere

Photosynthesis

3,000ºC
100 km down
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Temperature feedback
Earth’s life-support systems are still little under-
stood. Surface temperatures have remained suit-
able for life for many aeons, despite changes in
solar flux. Feedback systems for temperature
control are the levels of carbon dioxide and
water vapour in the air – both affected by plant
cover. Carbon dioxide acts as an insulator in the
“greenhouse” effect (pp. 124–25). Another is
Earth’s “albedo” – its shininess. High albedo

The unique planet
The most remarkable characteristic of living matter is that
it is self-organizing. In contrast with the overall trend towards
disorder or “entropy” evident in the universe, life creates
order from the materials around it, exporting waste in the
process. Thus life is capable of influencing its environment.

When space scientists began devising life-detection
experiments, one group suggested that a life-bearing 
planet might show an unexpected mix of gases in its
atmosphere if life’s chemistry were at work. Looking at
Earth in this light, their predictions were borne out with a
vengeance. Earth’s mix of gases, and temperature, were
hugely different from what they predicted for a “non-living”
Earth, as well as from neighbouring planets (above). The
fact that these conditions appeared to have arisen and 
persisted alongside life led to the Gaia hypothesis – the
proposal that the biosphere, as a living organism, operates
its own “life-support” systems through natural feedback
mechanisms for its own long term benefit.
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from light-covered areas cools the Earth. Most of
Gaia’s albedo value comes from cloud cover
(influenced by vegetation), and from ice caps and
oceans. Microflora in the oceans and plants on
the land can darken or lighten these areas, thus
altering their albedo. Atmospheric pollution raises
carbon dioxide levels, while forest clearance and
desertification raise albedo.
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Accelerating evolution

Life on Earth
The solar system formed
4.6 billion years ago, Earth’s
oceans about 4.4 billion
years ago. Self-replicating
molecules emerged 300
million years later. Fossil
cells date from at least 
3.6 billion years ago. 
Free oxygen began to
accumulate about 2 billion
years ago, and complex
cells with nuclei appeared
about 1.5 billion years ago.
Then the protective ozone
layer formed: life on land,
as we know it, occupies
only the last 10% of our
planet’s unique history.

After the dinosaurs
The dinosaurs ruled the
planet for 160 million years,
as land life flourished and
diversified. Their decline
opened the way for 
primitive mammals. The
last 45 million years, one-
hundredth of our planet’s
history, have seen the
emergence of most of the
flora and fauna we know
(see second sphere).

Enter Homo sapiens
Only in the last 0.01% of
Earth time did our own
species emerge. The 
third sphere opens with
the taming of fire and 
early human attempts 
to shape their Earth.

Big Bang

Evolution of the universe      15 billion years

Life span of Earth
4.5 billion years

1/100 Earth’s life span
Last 45 million years

Though we live in a largely humanized world of 
suburbs and cities, governments and wars, each 
of us carries within us the birth and death of stars,
and the long flowering of Gaia.

Evolution is usually dated from the emergence 
of life, that “almost utterly improbable event with 
infinite opportunities of happening” (Jim Lovelock). 
But this event itself was a stage in a process that
has continued since time, as we know it, began –
when, some 15 billion years ago, the Big Bang sent
pure energy flooding out into a waking universe.

As this energy dispersed and the universe
cooled, a patterning set in, and stable “energy
structures” emerged in a new order known as 
matter. Over billions of years, the particles, atoms,
and elements of matter formed and were processed
and reprocessed in the heart of stars, until a higher
order emerged – life itself.

Our probes into space have found life’s chemical
precursors widely distributed. Indeed, space seems
to be littered with the “spare parts of life” awaiting
the right conditions for assembly. On our primeval
planet, these conditions were found: the fierce 
energies of radioactivity and ultraviolet radiation, 
and the abundant presence of hydrogen, methane,
ammonia, and water. In Earth’s oceans, the first
strands of DNA, and then the self-replicating double
helix, could well have formed and broken countless
times. But once the seed was set, the birth of the
biosphere had begun.

Over nearly four billion years, the experiments,
the increasing diversity, and complexity continued
until, as the life-support systems of our planet 
stabilized, a still higher order of complexity 
emerged – intelligence and conscious awareness.

Throughout its 15 billion years, the pace of 
the universe’s development has been accelerating,
each new wave of innovation building up to trigger the
next, in a series of “leaps” to further levels of change
and diversification. Compress this unimaginable
timescale into a single 24-hour day, and the Big
Bang is over in less than a ten-billionth of a second.
Stable atoms form in about four seconds; but not for
several hours, until early dawn, do stars and galaxies
form. Our own solar system must wait for early
evening, around 6 p.m. Life on Earth begins around
8 p.m., the first vertebrates crawl on to land at about
10.30 at night. Dinosaurs roam from 11.35 p.m. until
four minutes before midnight. Our ancestors first
walk upright with 10 seconds to go. The Industrial
Revolution, together with all our modern age, 
occupies less than the last thousandth of a second.
Yet in this fraction of time, the face of this planet 
has changed almost as much as at any but the
most tumultuous times in the prehistoric past.
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The momentum of evolution
The fantastic acceleration in the process of evolution is illustrated
by these five spheres with “time” winding spirally down them.
The first represents the last 4.5 billion years, the entire history 
of our planet. It traces the evolution of DNA, of the first cells, and,
much later, of nucleated cells and sexual reproduction. The birth 
of our oxygen-rich atmosphere due to photosynthesizing algae is
indicated by the deepening blue tinge. Each successive sphere
represents an enlargement of just the last one-hundredth of the
timescale illustrated in the previous one. The second sphere 
represents the last 45 million years, the third the last 450,000
years, the fourth the last 4,500 years, and the fifth only the last 
45 years. Emerging in the third sphere, humankind has triggered 
a further acceleration in evolution.

The atomic age
Propelled by the Industrial
Revolution and boosted 
by human technological
evolution we have 
harnessed the atom,
cracked the genetic 
code, broken out into
space, and changed 
the face of our planet.

The major civilizations
The world’s civilizations
emerged in the last 1% 
of human existence 
(4,500 years), following 
the domestication of
species and important
technological inventions.

1/10,000 Earth’s life span
Last 450,000 years

1/1,000,000 Earth’s life span
Last 4,500 years

1/100,000,000 Earth’s life span
Last 45 years
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Latecomers to evolution

Evolution: revolution
We stand at a unique 
point in evolution, when
planet-wide changes are
proceeding faster than
ever. The illustration (right)
shows four examples of
accelerated growth. With
the invention of the rocket,
our species can leave the
biosphere and travel into
space – a development as
revolutionary as the step
from water on to land 500
million years ago. Similar
breakthroughs are shown
in the box (left).

First elements synthesized 
in huge supernova explosions
before formation of planet Earth

Modern synthesis 
of new elements

Molecular biology

Photovoltaic cells

Television

Space travel

First sexual crossings:
3 billion years ago

Photosynthesis:
2 billion years ago

Image-forming eyes:
600 million years ago

Land animals came ashore
500 million years ago

Gaia went its creative way for several billion years,
becoming steadily more diverse, complex, and 
fruitful. Then, in the last few seconds of life’s 
“evolutionary day”, Homo sapiens appeared – 
a creature that has wrought changes as great as
several glaciations and other geological upheavals
together, and has done it all within a flicker of the
evolutionary eye. The evolution of Homo sapiens
has produced a being that can think: a being that 
is aware, that can speculate about tomorrow, and
can even plan for it.

Evolution has also equipped us to create our
own form of planetary ecosystem. Whereas natural
selection works through a trial-and-error process,
undirected and unhurried, we can choose preferred
forms of evolution, creating changes that might 
otherwise have taken millions of years to occur.

The greatest natural development through 
evolution in terms of energy conversion was the
emergence of photosynthesis, two billion years ago.
A mere 50,000 years ago we learned to harness
fire, and thus to use the stored energy of plants in
the form of wood. A few hundred years ago we
moved on to exploit coal, then oil. Now, however,
we are on the verge of widespread exploitation of
the sun’s energy through solar cells – potentially 
as marked an advance for Earth’s course as that 
of photosynthesis itself. Similar breakthroughs
include domestication of wild species and genetic
engineering: quantum leaps to match the evolution
of sexual reproduction.

Among the greatest advances of all is our ability
to control disease and thus to increase our numbers.
Within the last 150 years, the human population has
grown from around one billion in the 1830s, to two
billion in the 1930s, to four billion in 1975, to five 
billion in 1987, and to well over six billion in 2003.
Herein we witness the phenomenon of exponential
growth, a process that marks not only our increasing
numbers, but also our consumption of energy and
resources, our accumulating knowledge, and our
expanding communications network.

Exponential growth is one of the most important
concepts we shall encounter in this book. It is growth
that is not simply additive (two plus two equals four
and another two makes six) but is self-compounding
(two multiplied by two equals four, multiplied by two
equals eight). Very few people realize its implications
for our future existence on Earth. For example, if
Africa maintains its 2.4 percent growth rate of 2003
until 2050, its population of 860 million people will
triple to 2.6 billion.

The advance beyond our entrenched expectation
for exponential growth in consumption will probably
represent the greatest evolutionary leap of all.

2000

1500



Latecomers to evolution   15

Population Energy consumption MobilityInformation



16 Introduction
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Today, the rise of human numbers casts a shadow
over planet Earth. In 2003 we reached a total of 
6.3 billion people, and we are plainly failing to feed,
house, educate, and employ many of these in 
basically acceptable fashion. Worse, the human
community is projected to reach at least 9.2 billion
before the population explosion comes to an end
late this century.

The problem does not lie only in a sheer outburst
of numbers but also in an outburst of consumerism.
More than one billion people in developed countries
enjoy lifestyles that impose a grossly disproportionate
pressure on our planetary ecosystem. A billion people
in developing and transition countries have recently
attained middle-class status and are consuming as
fast as they can make it to the shopping mall. This
consumerism is powered by a sudden expansion in
technological know-how – we can use and misuse
ever-greater stocks of natural resources, even use
them up. In fact, rather than a “population crisis” or
a “resource crisis”, we should speak of a single over-
arching crisis: the crisis of humankind. The shadow
stems from all of us, and it will darken all our lives.

On land, we plough up virgin areas, even though
most are marginal at best. Soil, one of the most 
precious of all resources, is washed or blown away
in tens of billions of tonnes every year. To compound
this tragedy, we pave over or otherwise “develop”
large tracts of productive cropland each year. Deserts
expand, or rather degraded lands are tacked on to
them, at a rate threatening almost one-third of the
Earth’s land surface. Forests in the tropics are giving
way to the small-scale agriculture of millions of slash-
and-burn cultivators, at a rate that will leave little 
forest by mid-century. As the forests fall, species in
their millions will lose their habitats, almost all forever.

In the oceans, we ravage one fishery after another.
We cause dolphins, seals, and other marine mammals
to follow the sad track of the great whales. We pollute
the seas, just as we poison lakes and rivers in almost
every part of the world. We desecrate our landscapes
with growing piles of refuse, some of it toxic. In the
atmosphere, we disrupt the carbon dioxide balance,
triggering climatic dislocations that will upset every
part of the human habitat and its enterprise worldwide.

Not surprisingly, this overtaxing of ecosystems
leads to other sorts of breakdown. As more people
seek greater shares of declining resources, conflicts
erupt. Military conflagrations have killed more people
since 1945 than all the soldiers in World War II. In
fact, it is the breakdown in our social systems, our
economic structures, and our political mechanisms
that generates the greatest threat of all. The shadow
over planet Earth will never be deeper and darker
than when it is lengthened by a mushroom cloud.
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The final test
Humanity, this sudden new evolutionary development which has
had such a high impact upon the planet, now threatens not only 
its own survival but that of many parts of the biosphere itself.
The rapidly manifesting global crises, the long shadow cast by 
the fast-growing figure of humankind, is stretching into the very
heart of our biosphere. Since wandering early tribes began to 
fire the forests, this shadow has spread across land and ocean,
through air, water, and soil, into space, and deep into the 
life-blood of evolution itself.

We might look upon our global crises as a challenge as well 
as a threat – we are sitting our final evolutionary examination for
our viability as a species. But the time limit is rapidly approaching.
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